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Chapter 1 
1.1 v; = Vo - Y3 — Ys; Vg 3 Vy + V2 — V3 — V5 
12 Vp, = V= v 


13 By KVL: 
Vra = V; — Ypi and vp3 = VR2 + Yra: 
By KCL, ig, = ig3 + ipy and ing = ipg. Using Chm’s law 
for R}, it follows that 
Yan = Riig = Rili + igo) 
= Rilvgy/R3 + (Vaz + YRÐ/R + Ra) 
= Ry[VpyR3 + YRR + R4)). 
Substituting this later equation for vp, into the first 
eguala results in 
Yg = Vy — YR RiR) - YRR iR + Rg), OF 
Yaz = v + (R/R) +R /R- + Ry)) 
= (6 V{1 + (10 kQ)/(10 kQ) + (10 kKQ/40kN)) 
= 2.67 V. 


1.4 By KVL: vg; = V; - ¥p3, where Vga = VR2 + Ypa: By 
KCL, igy = ig3 + igs and ips = ig. Using Ohm’s law for 
R> 
Var = Riig; = Ry(ipg + ipo) 

= RilvpyR3 + (Vp + Vra (Ro + R,)] 

= R [YRyR3 + Yay(Rq + R4). 
Solving this latter equation for vp, results in 
YRI = vRi/R R3 + R/R- + R4). 
Subsututing this expression for vp, into the first equation 
results in 
vg, = Vll + [R R; + RR, + R)I) 

= (6 V)/(1 + 0.8) = 3.33 V. 


15 Vy =V;+Vy-I(Ry + Rg) 


1.6 Left-hand loop: v; = iR} + iR, + v2. Right-hand 


1.7 vy = ViR /Rs + R) and vout = -8YxRı = Your = = 
-v,gR) IRs + R)). 


1.8 By KCL and Ohm's law, vg, = -gvyR;. By XYL, vx 
= v} - Vpx, where vp, = gvyR>. Substituting the 2nd 
equation into the Ist results in vy = V} — ZVxR>. OF Vy = 
v,/(1 + gR). Substiniting this expression into the original 
equation for vp, results in vp, = ~vygR,(1 + gR>). 


1.9 By KCL and Ohm's law, vrz = gvxR;. By KVL, vx 
= v} - Vpx Subsumuting the 2nd equation into the Ist 
results in Vga = g(V) — Vp>)R>, OF Vgz = Vj RR2/(1 + gR2). 


1.10 By KCL, the current through R, equals y + Bry. B 
KVL, v; = R} + hR, + R5(B + l)i. Solving this lauc 
equanon for i, results in i, = v,/[Ry + Ry + (B + DR; 
By Ohm's law, it therefore follows thal vgy = iR, 
vi RR, + Ry + (P + 1)R3). 


1.11 A net current of 16 mA = I1 mA = 5 mA flows v 
from ground into the (-) terminal of the V, supply. Th 
total power dissipated is equal to Vaia + ' Ygl jig’ = (1 
V)(16 mA) + (10 V}(11 mA) = 270 mW. 


1.12 Most positive voltage = 12 V — 0.7 V = 11.3 V; mo 

negative voltage = -12 V + 0.7 V = -11.3 V. Tou 

possible voltage swing is 11.3 V - (-11.3 V) = 22.6 \ 

ae that this value can also be computed from 24 V -= 1. 
= 22:6 V: 


1.13 ig, = iga = Va/R, + Rp) = (10 V8.6 KO + 2.2 KC 
= 0.93 MA; igs = Va/Ry = (10 VV(12 KO) = 0.83 mA; ig 
= -VaR = -(-10 V/(47 KQ) = 0.21 mA. 


1.14 a. Voltage of terminal a to ground given by V,R,/(R 
+ Ry) = (12 V)Q10.kQ)/(10 kQ + 10 kQ) = 6 V. Voltag: 
of terminal a’ to ground given by V R/R, + Ry) = (> 
V)(10 kQ)/(10 kQ + 10 KQ) = 2.5 V. Value of V, is equa 
tov, -y =6V-25V=3.5V. 
b. Make a Thévenin equivalent of each side: 
V =6 V; Ry =R IR =5kQ 
V, 2.5 V; Rg = RIR} =5KQ 
c. From the equivalent model of part (b), the short-circu: 
current will be (V; - Va /Ra + Rg) = (6 V - 2.5 V(I! 
kQ) = 0.35 mA. Note that this same value can be obtaine. 
from (V; - VR; + R3). 
1.15 The total power drawn from the supply is (15 V)(1° 
mA) = 270 mW. The power delivered to the load is (1: 
V)(10 mA) = 100 mW. The net power consumed by th 
circuit exclusive of the ioad becomes 270 mW — 100 mY 
= 170 mW. 
+15V 


116 a fom] | gee 


Jexr| iv kN Laad 


10 må ba = GND. PR 


b. The total power drawn from the supplies is equal u 
(15 VX10 mA) + (15 V)(10 mA) = 300 mW. The powe 
delivered to the load is (1 V\(1 mA) = 1 mW = powe 
dissipated in the circuit is 299 mW. 


c. With the load disconnected, the power dissipated in th: 
circuit becomes (15 VXI mA) + (15 Y1 mA) = 30 mW 


zll- 
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1.19 


ii 
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1.20 


1.21 The v-i equation at the out i 
put terminals can be 
computed from KVL: vy = V = RR} Rearranging 
yields i, = Vv, - Vx)/R;. Taking the derivative of ix with 
respect to vy yields the slope of the plot diy/dv, = -1/R 
This slope is independent of V}. -A . 
4 . 
T? 


>x 


N 


122 a. Vx will be negative if more than the short-circuit 
current VAR, = (5 V(I kQ) = 5 mA is drawn from the 
circu í 

== 
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b. iy will be negative if a voltage greater than vy = 5 V 
is connected to terminals X-X’ 

c. The slope of the v-i characteristic will always be 
negative. With vy and iy defined as in the figure. the 
slope diy/dvy is equal to -1/R, = -1 mA/V. 


1.23 


Tig 


1.24 


Slope = -0.5 m/V 


1.25 For the first input 
Vv =al, + Di, 

= (0.5 V/mAX! mA) + (1.2 V/mA)(2 mA) 

=0.5 V+24 V=29 V. 
For the second input 
v = (0.5 V/mA)(3.3 mA) + (1.2 V/mA)(4 mA) 

= 1.65 V+ 4.8 V = 645 V. 
With both inputs together: v = (0.5 V/mA)(1 mA + 3.3 
mA) + (1.2 V/mA)(2 mA + 4 mA) = 2.15 V +72 V= 
9.35 V. This result is equal to the sum of the outputs 
obtained from first and second inputs: 2.9 V + 645 V = 
O 35a. 


1.26 The mamx form of the equation yields 

vı =ai, + bi, and v, = ci, +di,. Suppose that i, is equal 
to the sum of i,,, + i,,. Similarly, suppose that i> = in, + 
i- For the first equation, with only one component of 
each current taken, v, = ai,,, +bi,,. With the other 
components of the input taken, v, = aij, + bin,. Adding 
these two results together yields v} = a(ij,, + ijy) + My 
+ iş), which is the same result obtained with both inputs 
added together and applied simultaneously. A similar 


statement can be made about vp. 


1.27 Let ip, be defined as posiuve from left to ngnt, an 
iga be defined as posiuve down. With v, only turned or 
ig} = igz = Y/R; + Ry = (15 VYOS kO) = 1 mA 
With v, only tumed on, 
igi = ipa = V¥(R, + Ry) = (-6 V15 KQ) = -0.4 mA 
With Ig only tumed on, 
iki = “IgR2/(R, + Ry) _ 

= -(10 mA)(5 kQV(15 KQ) = -3.3 mA 
by current division. Similarly, 
igo = IgR/R, + R3) 

= (10 mAX10 kQ)(15 KQ) = 6.7 mA 
Superimposing the three components in each resistor leac 
to 

igy = | MA - 0.4 mA - 3.3 MA = -2.7 mA, 
and ip, = | mA - 0.4 mA + 6.7 mA =7.3 mA. 


1.28 Let ip, be defined as positive from left to nght, an: 
ig be defined as posiuve down. With v; only mumed on 

iy = ipg = Y/R; + R) = 410 VIS KO) = -0.67 m: 
With v, only umed on, 

ig, = Igy = Y/R, + Ro) = (3 VIS KQ) = 0.2 mA. 
With [o only tumed on, | 

ig, = -IgRY(R, + R3) 

= -(-1.1 mAX5 kKQY(1S KQ) = 0.37 mA 

by current division. Similarly, 
igo = IR VR, + Ry) = (-1.1 mA)(10 KO(15 kQ) = 
-0.73 mA. Superimposing the three components in each 
resistor leads to 

ip, = 0.67 mA +02 mA + 0.37 mA = -0.10 mA 

ip? = -0.67 mA + 02 mA -0.73 mA =-1.2 mA. 


1.29 Let the current through each source be defined as 
positive out of the (+) terminal of the source. With ¥, only 
turned on, 
ki = VAR, + Rp) = (2- VAIS KQ) = 0.13 mA 
With v, only umed on, 
iy = Y/R; + Ra) = (=! VIS KQ) = -0.07 mA 
With lo only tumed on, 
Ki = -oR A/R; + Rp) = -30 MANS KY/(1S KK) = -1 
mA by curent division. Adding together these three 
components yields 

iy, = 0.13 mA - 0.07 mA.- 10 mA = -9.4 mA, 
i.e., 9.94 mA flows into the v, source. Because v; and v, 
are in series, this same current also flows into the v, 
source. Note that v,, which has current flowing into its 
positive terminal, absorbs rather than provides power to the 
curcuil 


1.30 Compute each individual component of v,a by 


TEL 


https://gioumeh.com/product/microelectronic—circuits-—and-—devices-solution/ 


setung all the independent sources to zcro and then tuming 
each one on individually. Total v,_, is the sum of the 
individual components. With I, set to zero (open circuit), 
it follows that 

R, +R, 


v Vi 


a-al’ 7 


Ri + R; + R3 


Note that R, does not affect V,a because it appears 
direcuy in parallel with V}. 

With V, set to zero (short circuit), current division yields 
the current through R4, so that 


Ry 


aé e S di -í; R3 


R, + (R; + R3) 
Combining v,_,) and V,ay Yields 


Vere’ Var. PON 


R+R)V, RYH 


R, + R2 + R3 R; + R3 + R 

1.31 First find the Thévenin equivalent of everything to the 
left and to the right of terminals a-a’. Looking to the left 
yields vp, = 1,R, = 10 V and Ry, = Ry, + R2 (R3 does not 
contribute t0 V-m = Yoc, since no current flows through it 
when I,, Ry, and R, are disconnected as a unit from the 
circuit). Similarly, looking to the right yields vm = V= 
10 Y and Rm = R3. Note that Rẹ, which appears directly 
in parallel with a voltage source, has no effect on vp, OF 
Ry, Here is a diagram of the equivalent circuit as seen at 
terminals a-a’: 


R, =[ka R2 R3 


Clearly, given the balanced nature of the circuit, V,a’ can 
be made zero if we choose R, and R} such that R} + R3 = 
R} => R} - R, = 1 KQ. Choice of R, is arbitrary. ; 


1.32 Shown below 1s the cntire circuit with both parts 
connected, The objective is to find v3. 


R 2o kan ; 


R= lka Kalkan 


PL2 | 


As a first step, the Thévenin equivalent of each half of the 
circuit is taken, as shown below. 


Rm ashe Rrmz>lska 
U. 
Thr Q + Un2* 
GY U; GV 
a’ - 
————0 


computed: 


Rm2 Roi 
io aa Ytn1 * YTh2 
Rmi + Raz Rmi + Rn 
1.5 kQ 5 kQ 
= (6 V) + (6V)=6V 
6.5 KQ 6.5 kQ 


This result should be evident by inspection anyway, since 
a Thévenin source of value 6 V is connected on both sides 
of the circuit. 


- 133 Shown below is the entire circuit with both parts 


connected. The objective is to find v>. 


-1.4- 
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As a first step, the Thévenin equivalent of cach half of the 
circuit is taken, as shown below. On the left, Rmi = 
Ryi(Rz + Ry{Ry) = 11.1 KQ, and 

Vint = VIR VR; + Ry] x (RAR, + Ra + Ry IR3)) = 1.33 
V ms, 60 Hz. Note that Vp; can be ex-pressed as 
(1.3372) sin 2n60t = 1.9 sin 22600 

On the right, Rm2 = R; + Ry = 20 kQ, and Vinz 


= 1,Ry = 50 V. 
pen = SL 
Rr, = ika, Raz Zok 

he 
Vw T Urn ,= 
2Y UZ SoY 
ress 
Gorz | F 

al 


Now, using superposition, the value of v, can easily be 


computed: - 
Rm2 Rmi 
Vy See hy ei 
Rmi *+Rp2 Rm + Rng 
20 kQ 11.1 kQ 
= (1.9 V sin 260%) + ——— 50 V 
31.1 kQ 31.1 kQ 


4, 


1.21 sin 226% + 17.8 V 


1.34 Disconnect the diode from the circuit, then find the 
Thévenin seen looking into terminals a—a’. With V2 Set to 
ZCrO, Voc = ¥jRy/(R, + Ry) = 2 V. With v} set to zero, 
Voc = ¥2R\(R, + R3) = 2 V. Net Thévenin voltage 
becomes 2 V+2V=4 V. With both v, and v, set to 
zero, Thévenin resistance is seen to be, by inspecuon, R, 
+R, aR, = 4 KO + 0.67 KQ = 4.7 KQ. 

Superposition cannot be used to find ip directly 
because the diode is not a linear circuit element. 


135 Here is a picture of the circuit with the voltage 
Sources connected. Note that vp. the voltage that must be 
computed, is equal to v4 — vg, where v} and va are 
measured relative to ground. 


By superposition, = 
Va = VIRAR, + R2) + VRI /R, + Ry) 

= 5.45 V+ 2.27 V=7.73 V 
Similarly, 
Vg = V R/R; + R4) + V2R4/(R, + Ry) 

= 5.91 V + 2.05 V = 7.96 V 
Subtracung vp from v} yields 

YaB = Ya — Vg = 7.73 V - 7.96 V = -0.23 V 


1.36 Here is a picture of the circuit with the voltage and 
current sources connected. Note that v, p, the voltage that 
must be computed, is equal to Ya ~ Vg, where v, and vp 
are measured relative to ground. 


Now invoke superposition. In this case, setting I, to zero 
(open circuit) leaves the bottom pan of the circuit - 
disconnected from ground, so that v4 = vg = V, = 11 V. 
With VY, set to zero (short circuit), apply current division: 


R3 + Rg 
1 See A 
R,+R,+R,+R, 
and 
Ri +R; . 
ig = h -= 131 mA 
Ri +R, +R, +R 
so that v, = -i,R1l = 44.9 V and vg = ~ipR, = 49.8 V. 
Adding together the components of v}, and vg and 
subracung yields vap = Y4 — V3 


=f be | 
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= (11 V + (44.9 V)J - (11 V + (-49.8 V)p = 4.9 V. 
{37 The voltage-current rclauon for a resistor, given by 
Ohm's law, iS ip = ¥p/R. Suppose that vg =v, + vp It 
then follows that ip = v,/R + v2/R, which is the same 
result obtained by summing together the individual 
conunbuuons of v; and v}. 

Applying the suggested test case yields ip = v,/R 
= (10 V)/(10 kQ) = 1 mA from v, alone, and ip = v./R = 
(5 V)/(10 kK) = 0.5 mA from v, alone. With v, and v, 
added together, the resistor current becomes ig = (15 
V10 kQ) = 1.5 mA, which is the sum of the previously 
computed components produced by v; and v}. 


bik 
ui AT) a= 
img paa 


1.38 As shown by Eq. (1.39), the slope of the v-i equation 
is cqual to -1/R,. Given that R, will always be a positive 
number (or zero) if R is a real resistor. there is no way 
that the slope can become positive, 


[ohn 


139 As seen from Eq. (1.38), vy is proportional to the 
voltage difference v, - v}. Hence vy will equal zero when 
vı =Y. Under these conditions, i, will equal zero. With 
i; = 0, the dependent source, which depends on i,, will 
equal zero also and become an open circuit 


1.40 As shown in Example 1.3, the v-i equation is given 
by 
ix = B(vy - Y/R; - ¥y/Rz 

where voo Rm = [RRR Xv - Vv,)] / R, is the shon- 
circuit current, and the slope diy/dv, = -1/R, is obtained 
from Eq. (1.39). For the given set of parameters, this 
equation becomes 
ix = (75)(3 Y - 1 V)K82 KN) - Vx/(10 kQ) 

= (150 V)/(10 KQ) - vy/(10 KQ) 

= 15 mA - 0. Ivy 

where iy is in alae, A plot of this equation is 
shown below. Note that vy = (15 mA)/(0.1 mA/Y) = 150 
V when i; = 0. 


bX 
15 mA 


Slope =- 0.) mA 
een 7 


1.41 As shown in Example 1.4, the v-i equation is given 
by 
ix = B(v2 - Y/R, = Yx/R2 

where vooRm = (B(R/R,)(¥2 - ¥y)] / Ry is the short- 
circuit current, and the slope dix/dvx = = -1/R, is obtained 
from Eq. (1.39). For the given set of parameters, this 
equation becomes 
by = (250)(5 V — (4 VJI(1.2 KQ) - vy H(2.2 KQ) 

= (2250 V)/(1.2 KQ) = vy/(2.2 KQ) 

= 1875 mA — 0.45 vy 
where iy is in milliamperes. A plot of this equation is 
shown below. Note that vy = (1875 mA)/(0.45 mA/V) = 
4125 V when iy = 0. 


qW2sy 


1.42 As shown in Eq. 1.38, the ratio of vy = Voc to (V2 - 
vı) is equal to BR,/R,. For the given resistor values, 
R/R; = (1 kQ)(10 kQ) = 0.1, hence the circuit will 

amplify, with BR»/R, > 1, for B > 10. 


1.43 As shown by Eq. (1.38), the open-circuit voltage is 
given by vy = BR,/R,(v, - vı). For the given set of 
parameters, this equation becomes vy = (100)(1 kQ)/(10 


kQY(v, - vı) = 10v, - vı). For v, = 1.5 V, as indicated. ~ 


in Fig. 1.11, this cquation can be written as vy = 15 Y - 
10v,. A plot of vy versus v, is shown below. Note that vy 
= 15 V when y, = 0; v= 0 when ¥, = 1.5 V; and vy = 
-35 V when v; = 5 V. Both the equation and the graph 
have slopes dvx/dv, of —10. 


soy Ux 


| 
| 
| 
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1.44 For this circuit, i, is still given, via KVL around the 
left-hand loop of the circuit, by (v, — ¥,)/R,. In this case, 
the connection of R, in parallel with the combination of 
dependent voltage source plus v, has no affect on Yx- 

= vx = fi} + v2 = {v} = VR] + v3. 


1.45 A circuit will be resistive if it can be represented by 
a Thévenin equivalent circuit consisting of a single resistor 
in seres with a voltage source. For each of these circuits, 
the open-circuit voltage Ym: Which, in general, represents 
the independent sources in the circuit, will be zero since 
the circuits contain no independent sources. 

For the circuit of Fig. P!.45(a), Ry, can be found 
by applying a test voltage source as v a and computing the 
Current i, that flows from it. Applying a test voltage 
Source Ves 3S Vy yields v} = Ves resulting in an i A Ol hog 
= gv), hence Rn, = Vieshes = la: 

For the circuit of Fig. P1.45(b), Rm can again be 
found by applying a test voltage source and computing the 
Current that flows from it. Applying a test voltage source 


View 45 Y4 across Ry results in 1, = v,.,/Ry, yielding an ia 
of value hese =i + Bi, = (8 + Di) = (B + Iv, JR), hence 
Row = Yiesthest = R/G + 1). 


1.46 Suppose that a voltage source of value va is 
explicitly connected to the circuit terminals. Applying 
KVL to the circuit results in i, = [va = (ava) I/R; =v 
-a)/R,. The ratio v,/i,, which defines the resistance Rn, 
seen looking into the circuit’s terminals, becomes RAI - 
a), which is a constant. ` Note thal Rm will become 
negative if a > 1, i.e., current will flow out of the circuit 
when a positive input voltage v, is applied. 


1.47 Suppose that a voltage source of value va Is explicitly 
connected to the circuit terminals. The rauo Va/ią will 
yield the resistance Rp seen looking into the circuit 
terminals. With v, applied, the resulting value of ią can 
be found more easily by first finding the equivalent 
resistance presented to the rest of the circuit by R, and the 
av, source: 


sey cl oars at 
U 


— 


D 
G 


g 


Note that v, is also applied direculy to this subcircuit. 
Applying KVL to the above subcircuit results in i, = {v4 
— (-avg) VR, = va(l + a)/R,. The resistance seen looking 
into the subcircuit becomes 
Valin = R/(1 + a). 
Now the equivalent representation of subcircuit can be 
substituted into the onginal circuit: 


If a v, source is connected to the terminals, the resuiting 
i, becomes, via KCL: 

i, =YaR + By /Ry + ¥aTRa(1 + a)] 
so that Ry, = Yafa = [R 1 + 8) i(R4/(1 + a)l. 


1.48 Multiplying Eq. (1.47) by RiR/(R; + Ra) and 
rearranging results in 
V, R +R, 


-1.7- 
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where ig: z= Y/N) an Th = }! 2° 


1.49 From Eq. (1.49), vq, = VjRo/R, + R2) = (8 V\(22 
KONIS KO + 22 KN) = 4.76 V. From Eq. (1.50), Rp, = 
Ry RoR, + Ro) = (15 KO)(22 kQ)/(15 KO + 22 KO) = 8.92 
kQ. 


1.50 Find the Thévenin equivalent of Resistive circuit #1: 


RTh 


From superposition, 
Vmi = YccRa/Ra + Rg) + VeRAa/Ra + Rp) 

= (2 V)(180 KQ)/(120 kQ + 180 kQ) 

+ (-5 VX120 kO)/(120 kQ + 180 kQ) 

=1.2V -2V -= -08 V. 
With both Vcc and Vez set to zero (shon circuits), Rhi 
becomes Ra iRg = 72 kQ. The maximum current (to 
ground) available from this circuit becomes vh Rm = 
(-0.8 V)/(72 kQ) = -11 pA. 

The Thévenin equivalent of Resistive circuit #2 
can be found in a similar manner. From superposition, 
Vh” YocRy/(Re + Ry) + VesR/(Re + Ry) 

= (2 V)(22 kQV(9.1 kQ + 22 kQ) 
+ (-5 VX9.1 kQ)/(9.1 kQ + 22 kO) 
= 1.41 V — 1.46 V = -0.048 V. 
With both Voc and Veg set to zero (short circuits), Rhi 
becomes, by inspection, Roi Ry = 6.44 kQ. The maximum 
current (to ground). available from this circuit becomes 
Vni/Rm = (-0.048 V(6.44 kQ) = -7.5 pA. 


1.51 The Thévenin voltage is equal to the open-circuit 
voltage measured at terminals a-a’. The Thévenin 
resistance can be found by setting the independent source 
V, to zero (voltage source = short circuit} and observing 
the resistance remaining at the a-a’ port In this case, by 
voltage division, 

voc = Ym = ViRs/(R, + Rs) 

= (12 V)(10- kQ)Y/(10 kQ + 10kQ) = 6 V 

Note that R,, which appears directly in parallel with Y}, 
does not affect the value of vp. 

Find R by setting V, to zero. By inspection, Rp, 


= = = > 


1 l 1 
to a short also shorts out R2, thus R, does not affect the 
value of Rip 


1.52 The open circuit voltage measured from a lo a’ is 
equal to the voltage across R, minus the voltage across R4 
Use of voltage division in both cases yields 

vm = ViRY/R, + Ry) - VaR AR: + Ry) 

= (15 V)(12 kQ)/(10 kQ + 12 KQ) - 

(20 VX8.2 kQ)/(9.1 KQ + 8.2 kQ) 

= 8.18 V - 9.48 = -1.3 V 
where V, = V if no current is drawn from terminals a—a’. 
Seuing V, and V, to zero (short circuits) yields a 
resistance of R, |R, to the left and R} |R, to the right, so 
that Rp, = R, Ry + R3iR, = (10 kQ412 xQ) + (9.1 
kQ48.2 kQ) = 9.77 KQ. 


1.53 The open-circuit Thévenin voltage of the circuit will 
be equal simply to V} + V4, so that vp, will equal zcro 
when V} =-V4. Regardless of the values of these voltage 
sources, Rp will equal R4 + Rg- 


1.54 First find the Thévenin equivalent circuit of 
everything to the left and to the right of the terminals 
marked a— a’. Looking to the left yields voc, = -1,;R, and 
Rmi = Rz + Ry (with I} set to an open circuit). Similarly, 
looking to the right yields vocz = V; and Rp, = R3 (Note 
that R4, which appears directly in parallel with a voltage 
source, affects neither Voc nor Rz- Connecting both 
equivalent circuits to terminals a-a’ yields the following: 


RT = K+, Rrn2= R3 


Superposition yields the totai open-circuit voltage observed 
at terminals a—a’: 
Von = (VociR m2 + YocR mi Rmi tR m2) 

= [YR] + R3) -1R R3]/(R; + R3 + R4) 
Setting both Voc; and voc to zero (short circuits) yields 
the Thévenin resistance observed at terminals a-a’: Ry, = 
Rmi Rm = R: + R,) 1 R3. 


1.55 The Thévenin voltage is equal to the open-circuit 
voltage measured at terminals a-a’. The Thévenin 
resistance can be found by setting the independent source 
I, to zero (current source = open circuit) and observing the 
resistance remaining at the a-a’ port. In this case, the 
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current through R, is equal to the source current l; hence 
Vn =.1,Ry = 50V. Note that R, and R, do not affect the 
value of v- in this case. 

Seuing |, to an open circuit effectively disconnects 
R, from the circuit seen at the a~a’ terminals; hence Ry, 
= R3 + Rg = 20 kf. 


1.56 The open-circuit voltage of this circuit is readily found 
by first finding the Thévenin cquivaicnt of V}, Ry, and Ry: 


Rill R3 Rx 3 
V, R3 Ry : 
Ritk3 a! eae? 


The Thévenin equivalent seen looking into terminals a—a’ 
of the modified circuit becomes, by inspection, 


Vn = V1 


R, + R3 R4 + R3 + RiR, 


10 kQ 20kQ 


Similarly, with Y, set to zero (short circuit), the Thévenin 
resistance becomes R4! (R + R31K,) = (20 kQ)/ (20 kQ 
+5 kQ) = 11.1 kQ. Connecting a 1 kQ resistor across the 
terminals of this equivalent circuit yields v = 
VR ioad/Ricag + Rm) = (1.33 VXI KO KQ + 11.1 KQ) 
=0.li V. 


1.57 The Thévenin equivalent seen looking into terminals 
a-a’ of the circuit becomes, by inspection, 


R; 1 kQ 
vm =V; = (12 V) ————_ = 6 V 
R, +R, 1kQ+1kQ 


Similarly, with V} set to zero (short circuit), the Thévenin 
resistance becomes R + R IR; = 1kQ+0.5 kQ = 1.5 
KQ. 

Connecting a 500-Q resistor across the terminals 
of this equivalent circuit yields v2 = vpRigg/(Ricag + Rm) 
= (6 V)(S00 2/500 2 + 1.5 KQ) = 1.5 V. 


1.58 The Thévenin equivalent seen looking into terminals 
a-a’ of the circuit becomes, by inspection, 
R; Vi 
VTh = Vi = — 
R,; +R, 2 
Note that R, does not affect the value of Voy: If V, isa 5- 


| 


V rms, 60-Hz ac source, then Va, will be a 2.5-V rms, 6&0- 
Hz ac source. V, is set to zcro by making it a shon 
circuit, regardless of whether it is an ac or a de source. 
hence the Thévenin resistance becomes R, + R,/R, = | 
kO + 0.5 KQ = 15 KQ. 


1.59 Regardless of the value of the current source, the 
Thévenin voltage seen at terminals a-a’ will equal IR; 
because all of I, flows through Ry under open circuit 
conditions (nothing connected to a-a). The two specified 
current sources will sum together. If the sinusoidal source 
is represented as 1.2V2 sin wt = 1.7 sin wt, where w= 
2n(100) rad/s, then 
Vh = (1.7 sin ot mA + 1 MAIO kQ) 
= (17 sin ox + 10) V 

The value of Ry, is found by setting both current sources 
to zero (open circuits), yielding, by inspection, Ry, = R, + 
R3 = 20 kQ. Note that R,, which appears in series with 
the I, sources, does affects neither Ym nor Rp 


1.60 Here is a summary of the measurements. With a 2 
K3 resistor in place: 


In both cases, the current flowing through the load resistor 
is inferred from Ohm's law. Note that a high-impedance 
volumeter draws essentially zero current from the circuit. 
a. The v-i equation of the generic Thévenin equi-valent 
shown below is 
V = Vy, - Rmh 


Th 


Applying the known data results in: 
10 V = vp, - (10 MA)R m 
and 


| aoe 
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: open-circuit voltage: With the unknown 
Simultaneous solution of these equations yields Vr = 15 element disconnected, ix = 0. Use voltage division to find 


b. If the tolerance objectives are to be met, the 
measured voltage must be within 99% of the actual voltage 
existing before the voltmeter is connected. Meeting this 
condition requires that the current flow-ing into the meter 
be no more than about 1% of the current through load 
resistor. For the largest applied Riog» this condition 
requires that Ry, should be more that 100 times the 2 KQ 
resistor, or Ry, > 200 kQ.. ; 


1.61 Suggested linear v-i representations for the high- 
current (a) and low-current (b) regions are shown below. 
The placement of these lines is somewhat arbitrary. 

In (A) 


100 
92 


MM) 


A i Ns 
High-current region (Line a): 
The short-circuit current, obtained directly from the graph, 
is equal to 100.A. The slope dI,/dV,, is given 
approximately by (92 A — 100 A)/(10 V) = -0.8 A/V. 
This slope can be represented by an R of (0.8 A/V)! = 
1.25 Q, so that Vr, = IscRp, = (100 AX(1.25 Q) = 125 V. 
Low-current region (Line b): The Thévenin (open-circuit) 
voltage, obtained directly from the graph, is equal to 13.5 
V. The slope dIp/dV,, for line b is given approximately by 
~(100 A)/(13.5 V - 12 V) = —66.7A/V. This slope can be 
represented by an Rn, of (66.7 A/VV! = 0,015 Q. Note 
that Ry, is much smaller in the normal low-current region 
of operation. 
1.62 The Thévenin (open-circuit) voltage, found by 
. Voltage division, is given by 
a R, (20 V)(100 Q) 


Ym = Vo 
Ri +R,+R; 1002+202+20Q 
= 14.3 V. The Thévenin resistance is found be setting Vo 
to zero (short circuit), yielding 
Rm = Rh (R, + R3) = 100 Q1402 = 2862 


14 uo cv) 


the open-circuit voltage Vp: 


VR, (10 V)(4 kO) 


Vv. = 
R, +R, 4kQ2+6kQ 


4V 


Note that the voltage drop across R; is equal to zero when 
ly = 0. 

Find the Thévenin resistance: By inspection, with V} set 
to zero (short circuit to ground), Ry, = Rs + Ri ‘Ry = 0.9 
KQ + 4 KOJG KO = 3.3 KO. 

b. As shown in part (a), the Thévenin equivalent of 
everything connected to the unknown element is given by 
Vm = 4 V and R = 3.3 kQ. With the load clement 
connected, the resistive circuit imposes the condition 

Vy = Ym- ixRp, = 4 V - (3.3 V/mA)ix 
where ix is in mA. 


1.64 a. Find the open-circuit voltage: With the unknown 
element disconnected, ix = 0. Use current division to find 
the open-circuit voltage Ym» Which is equal to the voltage 
drop across R4; 


IDR, 
Th eel S 
R, + R, +R, 
(5 mA)(10 KO) 
‘10k2 + 1kQ4+2kO 


Find the Thévenin resistance: By inspection, with Ip set to 
Zero (open circuit), 
Rm = R3I(R, + R,) 

=2KkQ}(1 KQ + 10 KQ) = 1.69 KQ = 1.7 kQ., 

b. As shown in part (a), the Thévenin equivalent of 
everything connected to the unknown element is given by 
Vy, = 7.7 V and Rp, = 1.7 KQ. With the load element 
connected, the resistive circuit imposes the condition 

Vy = Vm- IxRy, = 7.7 V - (1.7 V/MA)iy 
where ty is in mA. 


v. 


(2 KQ) = 7.69 V = 7.7 V 


1.65 For each of these circuits, Vn Can be found using 
KVL and KCL, and Rm can be found using the test-source 
method. 

a. On the left-hand side of the circuit, Vy = ViR Rs + 
R,). At terminals a-a’, the Open circuit voltage becomes 
Ym = —£¥yR, = gv, RR, +R,). To find Ry» Yı Must 
be set to zero. Sening v, to zero also forces both Vy and 
the gvy source to zero. The latter thus becomes an open 
circuit. Applying a test source to the remaining resistor R, 
at the a-a’ terminals yields simply Rn, = R}. 


+1405 
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b) Applying KYL to the left-hand loop of the circuit 
yields v; = Vy + 8Yx R2, 
or vi 
v= == 
l + gR 
The gvy source pulls current wp through R} from ground, 
so that V+, = -ZVyR,, Or 
-gR, 
V: a= vi 


1+ gR, 


In this circuit, setting v} to zero causes vy to be zero, 
thereby setting the gvy source to zero. This fact can be 
proven by noung that all of gvy must flow through R.. 
Were gvy to be nonzero with v, = 0, the voltage vy would 
be given by vy = —gvyR, which has the value vy = 0 as 
its solution. With the gvy source set to zero, applying a 
test source to the remaining resistor R, at Use a-a’ terminals 
yields simply Rp, = Ry. 

c. This circuit is topologically identical to Fig. 
P1.65(b), except that the output is taken across Ra With 
Vy again equal to v,/{1 + gR,), the open circuit voltage 
becomes vy, = 8YxR2 = BRov)/(i + gR»). For this circuit, 
Ry, can again be found using the test source method. A 
lest voltage source applied to tne a—a’ terminals with v, set 
to zero will fix the voltage vy to the value —vrpoy. Use of 
KCL at node a yields 


trest = Yrest/Ro- Yx = Ytes™R2 + EYTEST 
so that 


= Ry i (1/g) 

HEST 2+ I/R3 

1.66 The current-dependent current source should have the 
value Bi), where i) = vy/R, and B = gR,. For this choice 
of parameter values, Bi, = BRyvy/Ry = gvx, as in the 
Onginal circuit. 


1.67 The following circuit has the same Thévenin 
equivalent at the a-a’ terminals: 


where p = gR,/(1 + gR,) and Rg = Ry. In this case, 
because the pv, dependent source is a voltage source, the 
Thévenin resistance must appear in series. 


1.68 The two circuits shown below (Thévenin on the left, 


Nonon on the nght) can both be used to represent a 
resisuve circuit. In cither case, the independent source (Yih 
or ių) Models the independent sources in the actual circwt, 
and Ry, or Ry models the resistors and dependent sources 
in the actual circuit. For both equivalent circuits, setting 
the independent source ts zero leaves only ihe equivalent 
resistance of the actual circuit For the Thévenin circuit, 
Yh is set to zero by making it a short circuit, resulting in 
Reg = Rp, For the Norton circuit, iy is set to zero by 
making it an open circuit, resulting in Req = Ry- 


a R 
Vn, hs 


1.69 Find the short-circuit (Nonon) current With a shorn 
applied across R,, the short-circuit current becomes simply 
VAR, = (12 V)/(10 kQ) = 1.2 mA (Note that R, has no 
affect on ių). Seuing V, to an zero (short circuit) yields 
Ry = Ry = R iR; = (10 k0); (10 kQ) = 5 k. Here is 
a picture of the Norton equivalent circuit: 


a 


Rus ZS kR 


/ 
a 


by = 1-20 


1.70 The answer can be found by connecting the two 
paralle! 500-Q load resistors (net load resistance = 250 (2) 
to the Norton equivalent of each the circuit. The later is 
determincd by finding the short-circuit current and Norton 
(Thévenin) resistance seen looking into terminals a-a. 
With the short applied, the total current i, leaving V, is 
VAR, + Ry R3) = (6 VIO KR + (10 KQ) (20 0) = 
0.36 mA. 


Note that R, is shorted out in this case, hence the voltage | 
drop across it and current through it are zero. 
By current division, 
isc = i} Ry(R + Ry) 
= (0.36 mA)(10 kQ)/(20 kQ + 10 KN) = 0.12 mA 
The Norton resistance is found by setting V, to zero (shorn 


=e Val 


| 
| 
| 
| 
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circuit) and finding the remaining resistance seen looking 
into the Oper-circuned terminals a—a’: 


By inspection, R, = Ry, = R4 1(R3 + Ry |R3) 
= (20 KOJI [20 kQ + (10 k)i (10 kQ)) = 11.1 KQ. 

Now connect the load resistance to the Norton 
equivalent and find vz: 


a biome) : 
l l Loro 


Rioad2 
soon 


By inspection. v, = isc(Ry I Rica] l Rioda) 
= (0.12 mA){(1 1.1 kS) i (500 Q){ (500 Q)] = 0.029 V. 


1.71 First find the Nonon equivalent of the circuit of Fig. 
P1.32. With a short applied across terminals a—a’, the total 
current i, leaving V} is V,/(Ry + R3 iR4) = (12 V)A1 KQ 
+ (1 kQ).(1 kQ)] = 8 mA. The short-circuit current 
becomes, via current division, 
isc = iy = i, RyRy + Ry) 
= (8 mA] KQYV(1 kQ + 1 KO) = 4 mA 
The Norton resistance is found by setting V, to zero (short 
circuit) and finding the remaining resistance seen looking 
into the open-circuited terminals a-a’. By inspection, Ry 
= Rp, = R3 +R IR; = 1 k Q + (1 kQ]1I RQ) = 1.5 KQ. 
Now connect the load resistance to the Norton 
equivalent and find v2: 


| bom 


Riaad = l kN 


Again via current division, 


iLoaD = iscRy/Rioag + Ry) 
= (4 mMA)(1.5 KYAI KQ + 1.5 KQ) = 24 mA 


1.72 The Norton equivalent current iy is found by applying 
a short to terminals a-a’. The resulting current becomes, 
via current division, 


isc = Ix = l) RYR, + Ry) 
= (5 MA)(10 kQ)/(10 kO + 10 kO) = 2.5 mA. 

The Norton resistance is found by sewing |, to zero (open 
circuit) and finding the remaining resistance seen looking 
into the open-circusted terminals a-a’. By inspection, Ry 
a Ry, = R3 + Ry = 10 KQ + 10 KQ = 20 KQ. Note that 
R,, which appears in series with the I, current source, 
affects neither iy nor Ry- 


1.73 Here is a picture of the modified circuit: 


The Norton equivalent current iy is found by applying a 
shon to terminals a—a’. The resulting current becomes, via 
current division, 
Tye = 4 = Ty RAR, + Ry) 

= (12 mAX1 KAM KN + | KQ) = 6 mA ms, 
150 Hz. The Norton resistance is found by setting I, to 
zero (open circuit) and finding the remaining resistance 
seen looking into the open-circuited terminals a-a’. By 
inspection, Ry = Rp, = Rp + Ry = 1 KQ + 1 KQ = 2K 
Note that R}, which appears in series with the I, current 
source, affects neither iy nor Ry. 


1.74 Here is a picture of the modified circuit 


R, = /0 A Rs =zlok t 
BRANA 6 A 
V, jok 
S V rms B 
too Ha a! 


The Norton equivalent current 1, is found by applying a 
short to terminals a-a’. With the short applied, the total 
current I, leaving V} becomes VAR, + R31R3) = (5 
VIO KR + (10 kQ)4(10 k£2); = 0.33 mA mms, 100 Hz. 
The short-circuit current becomes, via current division, Ie 
#1, =1, RYR, + Ry 

= (0.33 MA)(10 kQY(10 kQ + 10 KQ) = 0.17 mA. 

The Norton resistance is found by setting V, to zero (short 
circuit) and finding the remaining resistance seen looking 
into the open-circuited terminals a-a’. By inspection, Ry 
= Rm = Ro + Ry Ry = 10 kQ + (10 kQ] 10 kQ) = 15 kQ. 


1.75 The Norton equivalent is found by removing the diode 
from the circuit, then finding iy (short circuit current) and 


=: k2= 
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circuit conditions). In this case, superposition must be used 
to find ice, since the circuit contains two sources. 

With the diode removed, a short applied to a-a’, and 
Vz SÈL to zero (short circuit), the current flowing out of vy 
becomes i, = v,/(Ry + Ry R3) = (3 VII KQ + (2 KQ) i (4 
kQ)) = 1.29 mA. The first component of the total icc 
therefore becomes, via current division, isc, = i} R/R} + 


) 

m mA)(2 kQ)(2 kQ + 4 KQ) = 0.43 mA. 

With the diode again removed and a short applied to 
a-a’, but this time with v} set lo zero, the current flowing 
out of v, becomes ~1, = vo/(R, + R; ||Rz) = (6 V\/[2 KQ 
+ (1 KQ); (4 kQ)] = 2.14 mA. The second component of 
the total icc therefore becomes, again via current division, 
isc = (-h)R (R; t Ry) 
= (2.14 mA)(T kQ)(4 kQ + 1 kQ) = 0.43 mA (similarity 
to ig} iS a coiscidence only). 

The total short-circuit Norton current becomes isc} 
+ iscp = 0.43 mA + 0.43 mA = 0.86 mA. The Norton 
resistance is found by setting both v, and v, to zero (shon 
circuits) and observing, by inspection, that 

Ry = R} + R} IR; = 4.67 KQ. 

Here is a picture of the diode connected to the Norton 
equivalent circuit: 


O. [b wå 


If ip = 0.7 mA, it follows, via KCL, that the current 
through the Norton resistance is 0.86 mA — 0.7 mA = 0.16 
mA, hence the voltage drop across both Ry and the diode 
is (0.16 mA)(4.67 kQ) = 0.75 V. 


1.76 Applying the voltage divider relation to this circuit 
yields, e.g., 


Ry 
vi = V, —————_ 
1.2 kQ 
A ee a a 
1.2 KO + 2.7kQ+5.6kQ 
1.2 kQ 
= (10 V) = 1,26 V 
9.5 KQ 


{tp=o.. mA 


-and 
v3 = (10 VX5.6 KQ)95 k3) = 5.9 V. 
Note thal v; + v, + g =126V+284V+59V=]10V, 
as expected. 


1.77 With terminal a connected to terminal a’, the voltage 
from terminal a to ground can be found using 
superposition. With V} set to zero (short circuit), one 
component becomes, via voltage division, 

V3Rp/R, + Rg) = (10 YX12 kQY/(10 KO + 12 kd) = 5.45 
V. Similarly, with V} set to zero, the other component 
becomes, again via voltage division, -V,R,/(R a t Rg) = 
-(-5 VX10 kKQ)(10 kQ + 12 kQ) = 2.27 V. Adding 
together these two components yields V, = 5.45 V + 2.27 
METIEN: 


1.78 Define the lower common terminal of R, and R, as 
ground. The voltage from terminal a to ground then 
becomes, via voltage division, v, = V,;R./(R, + Ry) = (10 
V)(20 k02)/(10 kQ + 20 x2) = 6.67 V. Similarly, the 
voltage from terminal a’ to ground becomes, again via 
voltage division, v, = V,R4/(R; + R4) = (20 VX100 
kQ)/(200 kQ + 100 xQ) = 6.67 V. The difference voltage 
Va = VY, — Yy = 6.67 V - 6.67 V = 0. 


1.79 First find the wue value of V). 


o Elen R R = 6 kt. 


V 2125) 


a c.ą4 v 
a _ 
ZV . 
4 ka veces fag 
= T 
Ux = Lzy 


Since iy = | mA flows through R4, the drop across R, 
becomes (1 mA)(0.9 kQ) = 0.9 V. The drop across R, is 
therefore equal to Vay + yx = 0.9 V+12V=21V, 
yielding a current 
iga = (2.1 V4 kQ) = 0.53 mA. 

The total current through R, becomes 

Iga + ly = 0.53 mA + 1 mA = 1.53 mA, 
for a voltage drop across R, of (1.53 MA)(6 kQ) = 9.15 V. 
The value of V, then becomes 

Vri + Ver = 9.15 V +21V=11.25V. | 

Now attempt to find V, given the knowledge that the 

voltage of node A is 2.1 V, perhaps as found from 
measurements. Blindly applying the formula V, = 
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AWI IENE; 
KR + 4 k$2)4 kQ) = 5.25 V, which ‘is Clearly not the 
correct answer. 


1.80 Treat the series combination of R, and R, as a single 
resistor of value 40 kQ. They each will carry the same 
curent, Given that I, = 0.33 mA ms, it follows from 
current division that I, = I,Ry/(R; + Ry + R,) = (0.33 
MA)(10 kQ)(10 KQ + 40 KQ) = 66 pA ms. 


1.81 With Vv; = 0, the circuit reduces to 


Lei 
TU Ra +R; 
Nimo 
where 
Ra + R3 
Riep e 
Ri +R, + R, 


Note that Ry is shorted out when V} is set to zero. 


1.82 With V} set to an open circuit, the circuit reduces to 


T — 
Ri plea 
T Ri R i Rz =f Ry 
where 
R, + R3 +R, 
In, = -l - 
R, +R, +R, +R, 
and 
Ri 
iseis aes 


R, +R, + R; +R, 


1.83 The output voy will equal zero just after the step 
function, and will equal YN = 5 V well after the step 
function. The transition will be an exponcnual given by 
v = yn(1 - eRe) 
OUT IN 
=(5 V)[I -- exp(-V123.2] 
where t is in milliseconds. 


1.84 The circuit can be redrawn as shown below, where 
Ym: Ry, and R, are represented by an equivaleni Thévenin 
circuit 


F im gii 


R 


r 


Note that voyr still appears across C ; in the equivalent 
circuit, even though R, has been absorbed into Rw In this 
case, Vh = YNRR; + R3) = 0.18 V, and Rm = R, IR, 
= 8.25 kQ. 
The output vour will equal zero just after the step 
funcuon, and will equal Ym = 0.18 V well after the step 
function. The transition will be an exponential with time 
constant Ry.C,, giver 5 
YouT = Vy, (1 = e RTh 1) 

= (0.18 V)[1 - exp{-t/2.7)], 
where t is in milliseconds. Note that Vout reaches 
(0.63)(0.18 V) = 0.11 V after one time constant Ry C, = 
2.7 ms. 
Here is a plot of vour versus time: 


Z.7 mS 


1.85 First determine the output in response to a 1-V step 
input. The output Voyr will equai zero just after the step 
function, and will equal vy = 1 V weil after the step 
function. The transition will be an exponential with ume 
constant R,C;, given b . 
Your = Yml! - eR 1S1) = (1 VDE - exp(-y100)] 
where t is in milliseconds. Taking the derivative of this 
output with respect to time yields 
Your S (v/R CRI 


1.86 The output Your Wul equal zero jusi after the step 
function, and will equal ym = 10 V well after the step — 
function. The transition will be an exponenual with time 
constant R C, given by voyt = Ywl - e7“8 1°). The 
drop across R}, defined as positive from left to night, will 
be equal to YN - Vort, Or 

aia) 


- Yn- [YC -e 


= ve IC} = (10 V) exp (—U/4.84) 
where t is in milliseconds. 


=la 14> 
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1.87 The output Your will equal zero just after the step 
function, and wil equal vR (R; + Ry) = (5 VIO 
kQ)(180 k + 100 KQ) = 1.79 V well after the step 
function. The transition will be an exponenual with ume 
constant RC where Rp, = R, | ETE 64.3 kQ, so that 
Vout = YmlRoAR, + RYKI - e Tho1). The drop 
across R,, defined as posiuve from left to right, will be 
equal to Viy — Yot i2- 4 

Vet = Yin ~ YiniRoR, + RDI - eTe) 


= VNR AR; + Ry) + RAR, + Re" TH1)} 


= (5 V)(0.64 + 0.36 exp (-/64.3) 

where t is in microseconds. A plot of this function is 
shown below. Note thai at t = 0°, vp, = (5 V)(0.64 + 
0.36) = 5 V, which is the value expected when the 
capacitor initially acts as a “short circuit”. Similarly, as t > 
œ, Vp, = (5 VX(0.64) = 3.2 V, which is the value obtained 
from voltage division with C, treated as an "open circuit". 
Here is a plot of vgy versus ume: 


Vay (v) 


E 
64.3 us 


1.88 Immediately after the step function, C, will behave as 
a "short circuit’, so that, via voltage division, vot = 
VeyRx(R, + R). After a iong time, C, will behave as an 
open, so thal Vout = 0. The transition will be exponential 
with ime constant (R, + R)C, = 0.7 ms, where R; + R, 
= 7 KQ is the net Thévenin resistance seen by C | with viy 
set to zero. Thus vort = VpRo/(R, + R3) expl-vR; + 
RCI] 

= (12V)(SkQY(2 KO + 5 kQ) exp [-V(7 KOQ)(0.1 pF] 

= (8.57 V) exp (-/0.7) 

where t is in milliseconds. Here is a plot of voyr versus 
lime: Coon (Vv) 


O. LMS 
The current iy is equal to VouTR3, i.e. it begins at i, = 
(8.57 V)A5 kQ) = 1.71 mA at t = 0, then falls to zero, also 


with ume constant (R, + Ri, = 0,7 ms. 


1.89 Here is a diagram of the circuit: 


R 2 2an m OEO F 


R C 
Un Y pe Ta $ 


First compute the ume constant associated with each of the 
capacitors. With vy set to zero (short circuit) and C} set 
to an open, C} sees a net Thévenin resistance of R) + R, 
= 5.2 kQ, for a ume constant of t, = (R; + R,)C, = (5.2 
k&)(0.5 pF) = 2.6 ms. 
With C} set to a short and vpy set to zero, C} sees a net 
Thévenin resistance of R} |R, = 192 Q, for a time constant 
of t, = (R, ]R3)C, = (192 2)(200 pF) = 38 ns. Clearly the 
second ume constant is much shorter than the first, 
Jusufying the approximation that, indeed, C, will charge up 
much more quickly than C,, so that C, can be weated as a 
"shon" over the ume constant associated with C,, and C, 
can be treated as an “open” over the time constant 
associated with C}. 
For 0 < t < 100 ns, treat C, as a short. Immediately after 
the step function, C, will also behave as a “short circuit”, 
so that Vor-r = 0. After many time constants to, C, will 
behave as an open. Therefore, after some time, but no so 
long that C, ceases lo behave as a short, the output 
becomes, via voltage division, Vout = VpyR/(R; + R) = 
(5 V)(5 kQ)(S.2 kQ) = 4.8 V. The transition wul be 
exponential with time constant Ta = 38 ns: 

A k ENA TUTET nding 


T Sons 
Over the time range 0 < t < 10 ms, the charging of C, 
appears to be almost instantaneous, hence C, can be reared 
as an open circuit. C} will also initially behave as a short 
circuit, so that, just after the step function, the output 
becomes, via voltage division, Vout = VpyR2/(R, t Rp) = 
(5 V)(S k02)/(5.2 kQ) = 4.8 V. After many time constants 
Tye C, will behave as an open circuit, so that Vopr = 0. 
The transition will be exponential with time constant t, = 
2.6 ms: 


sL5> 
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1.90 The capacitor C, will behave as a short circuit 
immediately after the’ step function, so that the output 
becomes Yor = Yw- After many time constants, C} will 
behave as an open, so that, via voltage division, Yout = 
YoyRA(R, + R2). The transition will have the form of a 
falling exponential. Its time constant can be determined by 
finding the Thévenin resistance seen by the capacitor. With 
Vry Set to zero, this resistance becomes R || Ra, so that 
Your = (soln at t=0) x (falling exponential) + 
(soln at t=0)x(rising exponential) 

= Vy 0M + [vy ROAR, +R,)] (1 — e75) 
where t = (Ry [R2)C). 
1.91 The current through any capacitor is given by ic = 
C(dv_/dt). In this case, vc is equivalent to the voltage 
drop v; across R}. Hence we first obtain an expression for 
Y» then take its derivative, 

The capacitor will behave as a short circuit immediately 
after the step function, so that initially, v) = 0. After many 
ume constants, C} will behave as an open, so that, via 
voltage division, vy = YR AR, + R,). The transition 
must have the form of a rising exponential. Its time 
constant can be determined by finding the Thévenin 
resistance seen by the capacitor. With Vpy Set to zero, this 
resistance becomes R, ÍR}, so that 

Yi = [VoR AR, + RYKI =e") 
where t = (R,JR2)C,. Noting that vo = v; and 
substituting this expression for Y, into the v-i equation for 
the capacitor yields 


C, Ri UR, IR,)C, 
= — e 
Vo -VR IRC; 
= —e 
R3 


1.92 Express vp, and Your im phasor notation. By complex 
voltage division, Vo = Vde + Zp) = 
(VVjwC WA /j@C, + Ry) = Vil + joR,C,). 

Similarly, the voliage across R, becomes 

Ya = ViaZR/Ze + 2a) = (VaR V/jwC, + Rj) = 


=. 


+ joR,C)). 


1,93 Express vry and vour in phasor notation. By complex 
voltage division, Vae = Vede + Ze) = 
(VOCO, + Ry) = VAI + joR,C,). Taking the 
magnitude of this expression results in 

ted Ss 
Yel i ORG 
This expression has a breakpoint, or pole, at a = I/R,C, = 
(100 k2)(0.0033 F)\~! = 3030 rad/s. Well below this 
pole, Von will equal Vp; well above this pole, Von Will 
fall as I/ with increasing frequency. Note that at w = 
IRC, [Yain will equal 1//2 = 0.707: 


f [Vou 4 Anl 


A ty) 
O j ÍR, C t 
1.94 Express Vpy and vour in phasor notauon. By complex 
voltage division, 
Vou = Vinérw(Ze + Zp; + Zgo) 
= (Va RDC, + R; + Ry), or 


JRC, 
Voan = Yno ————— 
i + jaXR, + R2)C, 
where œ = 2rf. Substituting the indicated values results in 
j(2m x 1 kHz)(10 kQ)(0.01 pF) 


Vaal Vin = 
1 + (2m x 1 kHz)(11 kQ)(0.01 pF) 


0.63) 


1 + 0.69j 


1.95 Express vy and Voy in phasor notation. By complea 
voltage division, 
Vout = VinZrw/(Zc + Zp, + Zra) 


joR,C, 


= Vi. 
1 + j@(R, + R,)C, 
where w = 2nf. For the indicated component values, this 


16- 
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equauon load (1 + 31 4y) 


J@(10 kQX0.22 pF) 


Vout! Vin = 
1 + joX20 KO)(0.22 pF) 
(2.2 x 107)ja 
1 + (4.4 x 107)ja 
or 
(2.2 x 10w 
| V out Vin | = 


[1 + (1.94 x 1075) wy 
A plot of this equation follows: 


luo trisy 


2c0q 


At the pole frequency w = 4.4 x 107? = 220 rad/s, 


IVou/Vi, = 0.5N2 = 0.35, 


1.96 Express vy and Your in phasor notation. By complex 
voltage division, 
Vou = VinZav(Zp + Zo: 2g))- 

In this case, 

Ze iZr = R (WC AR, + (1/jwC,) 

=R + JOR,C,), 
SO that 
R, 


R3 + R, + j@R,C,) 
where @ = 2xf. This expression can be manipulsied into 
the form 


Ra(1 + jwR,C,) 


ou im 


R, +R, + JOR RC, 


Ry (1 + ja ,C,) 


R, +R, Í! + ja(R, RIC) ) 
Evaluating this expression for the indicated component 


values at w = 2n(100 kHz) = 6.28 x 105 rad/s yields R3 
100 kQ (1 + 31.4)) td 7 5A 
ou = v | 
HOkQ (1 + 28.6)) C Ee 
“1 .17- i 


(1 + 28.63) 


= 0.91V,, 


1.97 Here is the circuit with the elements of the secon 
stage labeled R, and C: 
R = lokn A Ry= INA 
Onn Uo. 


E Sn G i= 
0.033 4F | 0. rye] 
An expression for Vout YS- Vip can be found using comple. 
voltage division. The easiest method involves first findin: 
the complex Thévenin equivalent of vw Ry, and C 
(everything to the left of node A), leading to V 
I/jac, I/jwc, 


out 7 


n 
R; + I/jwC, I/we, + Ry fe Ry i (1f@C,) 
This expression can be solved, after some algebra, for Vu 
as a function of w: 
l 


(1 + JOR C, XCI + jUR,C3) + joR,C, 


Al œ = anf = 2n(10 kHz) = 6.28 x 10° rad/s, wR,C, = 
20.7, WRC, = 207, and OR C3 = 2.07. If we assume that 
ORC, is much smaller than the other two factors, the 
expression becomes 

l 


(1 + j@R\C,)(1 + joR3C) 
Note that this simpler expression is equal to the simple 


Product of the transfer functions of the individual stages, 


with loading of the first stage by the second ignored. 
Given that R3 = | MQ (a large-valued resistor compared to 
Ry i (1/j@C,) at any frequency, this approximation seems 
valid. Substituting values for Rj, Ra C4, and C, yields 

l 


(1 + 20.7j)(1 + 207)) 


1.98 Here is a picture of the circuit described; the ele- 
ments of the second stage have been labeled R; and C;: 
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An expression for Vaa vs. V,_ can be found using complex 
voltage division. The easiest method involves first finding For this circuit, the open-circuit Thévenin voltage becomes 
the complex Thévenin equivalent of vy, Ry, and C, just nV, = 1207 V-mms, 60 Hz (no voltage drop across Rs 


(everything to the left of node A), leading to or Ls; Ly and Ry in parallel with nV, source has no 
Xa ~ joR,C) affect on Vo). Setting the nV, source to zero (shon 
Ba. lc circuit) results in Zp, = Rg + jal, = 2 + j3.77 Q, where 
Ye (> RGA» (RRM ` R, G)] JORG @ = 22(60 Hz) = 377 rad/s. 
where Ry il (I/j@C,) = Ry/ + joR,C,). Ks Ls 
1.99 An expression for Vanik Va can be found via + 
complex voltage division. First define the quantities n V vJ Rm y 2 Ea 


The output then becomes 
Vou = Vin2o/(Z, +Z) 


R2 
2 (1 + jaR,C,) Ze 7 3.77 
= + a aI = 
TA R, L_ 


[Zon V-r ms 4a The venin 


(a + j@R,C,) (1 + j@R,C,) cone equivalent 


R; 


o 


(1 + joR,C,) 


R, (1 + j@R3C,) + R, (1 + joR\C,) 
ee OE un ee" 
(1 + joR,C))(1 + joR,C,) 


R2(1 + joR,C,) 
ee LD ee 

If the condition R,C, = RC, is met, then all the complex 
binomial terms cancel out of the above expression, which 
reduces to V u = Vi,RY(R, + R3). Note that the condition 
RC, = RC, can be expressed as RR = C/C = 
jC MUC), i.e., the ratio of capacitive impedances 
must be made equal to the ratio of resistances. 


1.100 The 1:n transformer winding will cause a voltage 
source of value V, applied to the pnmary to appear as a 
voltage source of value AY, in parallel with Lyg, so that an 


equivalent model for the circuit becomes 


i i Mes = i -solution/ 
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